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Immature zygotic embryos of five Korean soybean cultivars cultured on Murashige and Skoog's (MS) medium
supplemented with various concentrations of 2,4-Dichlorophenoxyacetic acid (24-D) produced somatic embryos without
forming an intervening callus. The highest frequency (up to 90%) of somatic embryo formation was obtained when
zygotic embryos were cultured on medium containing 1 to 2 mg/L 2,4-D in four cultivars. However, the frequency was
highly variable to the cultivars. Transversely sliced primary somatic embryo halves were also capable of forming
secondary embryos at frequencies of up to 70% when cultured on medium containing 0.1 to 1 mg/L 2,4-D. Somatic
embryos formed on zygotic embryos cultured on medium containing 0.1 to 02 mg/L 2,4-D had two cotyledons more
frequently than one or horn-type cotyledon and those on medium containing 0.5 to 4mg/L. 2,4-D had a hom-type cotyledon
at a prominently higher frequency. However, somatic embryos on medium containing 10 mg/L or higher concentrations of
24-D were usually stunted at the globular stage even after transfer to medium containing lower concentrations of 24-D or
other growth regulators. When somatic embryos with one or two cotyledons or a homn-type cotyledon were transferred to
medium containing GAs, those with two cotyledons converted to plantlets at a higher frequency (25%) than the others.
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FEY 24-D(0 mg/L)7} A7 wiAleM fE2d AHNE
i H¥-2 F37)(globular stage) A ©f o] & EEe] A
Y=z Zale] S AEAZ Hilo] o] FojA|2] ¢pon
(Lazzeri et al, 1988; Buchheim et al, 1989), A5 x2] 24-D
(1 mg/L)7} A7k WA el M A7) e AA 2}
FAE -2 JejA o2 ¥ A4 o H(Lippmann and
Lippmann, 1984). 1e]3 o] 2jgt v|AA4A A Erfe] 2

< ujAY 24-D =9 DAL [AS} o, AEA
AYES HAATE 89122 243k (Ranch et al, 1985,
1986). ¥ dFoME AAHLE F23 HXE H3 9l
Sl x BTl /U &Fe AAALR o] &F A £F
o Z|NAEs Alx"le] BRHA X S A F 57HA
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) F(Glycine max L; ¥F%: &AM, oFF7EE, S4H%
WE, AR RS A o5E 8A7% AR F A
L Aol2E Ho] 25°C aelM AAAZAS F24 Aol
7} 2-3 mm A= AR FAWS Fale] HulEo|ES
g2 3o 47 953 F A{AHConViron: | FxE:
60-70%: 3= <F 30000 lux: 1647t =, 27°C/8A|17} o, 2°
ColA 8-9F <t Auiste] A= AEAE . 48
F 152094, wl&we =717t 2-3 mm2 AF mFeE
3] 70% el 18, 1% sodium hypochlorite &4 o]
1587 AAs2 742 3535 #A F usuE £
sto] wWiFAER o] &3 ek wiAlE NX15 mm Fetrd
HEze] d4io] 5 ml¥ FF3}e] Agsjglom WEY o
Fol 9E & 25°C g wjoFsisdch

AN ZE FE317] A8l vl5uE 0L 02,05 1,2 4,
10, 20 2@ 30 mg/L 24-DE ©wEo2 Hrg MS
(Murashige and Skoog, 1962) wjA|¢] 7+ 22T & 30-407)
A AAslgd e ok 65-Foll AHEN P4 W= 9 24-D
= uAA Mz wles F55 2ARIY 28
I oolE A7 F5IA JAE 479 MM T
27 AN Eu) PAES dol¥] Y3t 74 FFF S04
o] Aol A EuE B2 wiale 01, 05 ¢ 1 mg/L 24-
DE #sisk MS 7| EuiAjel N 271wkt T97 242
2 AFFL ok ¥ F59 24-D ¥ g A
o} =3 A 2EE A EA AEI}E 2A] $3H
A4 718 A EE MS 712w F2 MS wjA|o 77}
05% =HAJeh, 01 mg/L IAA, 1 mg/L BA, 1 mg/L GA3E
A7l 55720 wiAjel A FE7Z(cool-white 335, oF

1,000 lux, 164) 7 B5-71) el Al v ks et

AAZ e ZAA FAE Hdte HFAv]ALz A
8718 ANEZE A3t 25% glutaraldehyde 8- ol
£CAAN 4217+ F9t AT F tertiary butyl alcohol A|&]=
2 ghole] BeZelatd) w2y 44 vojas
£o2 7um FA9 AHL vrE5e] hematoxylind} fast
green® 2 A ste] B} du|AsfelA AF3H.

d 3

njsu o] FTH-Sjel M Aead] Aol HEFHA ¢
okow, wicke] A Hol e} Az 2 2= =}
599 Aol Wk 157 F4E FE7] AFskel e,
3-4FR5E 24-DO] Fxo uwte kgt ub-e-S Xold.
% W% 65 F ANZ YAHES vIEF F3, 01-02
mg/L 24-D7} 719 iAo e ulEue 242 Y
B A Aol dFE Aol dejubdA A A 2u)}
3% ol3te] wlE= 2FH YAHUNLH, 054 mg/L 24-D
7} 71 iR M e A F-9lel A J o] dejhdA A
AEZRE JAEE b ol e FE At A FF
oA AAEL] FAo] T2 ER FAHNAG o]F &
AP 7% 1 mg/L 24-D F=NA %2 7H} w2 A
AEwi o] PAES el 283 10, 20 ¢ 30 mg/Le}
+2 o] 24-D7} A7k sjA oA o FE u|5)
= FT el o] douf AGFHR olejH T
A4S gFEoA 73719 M Euigte] ¥ wixE
3 A =9 cHFigure 1A, B, C, D, E). o]g}zto] Yo £
FolA AMEw A4 dlxE 1-2 my/L 24-DE 7}k
S o 7B wsked 53], 98 5 vdte ‘gAY
A7t Btk a2EG ‘olF AT ASdE oMo
2 A= vsld 20 mg/L 24-D7} A7k wiA oA 7}
A 22(62%) AAEN FAES 2w, o]k TUdFE
oA ‘EAMF (13%)9] 7$-Bc} 433] wdoh 18l o
T EF3A =€ 44 AR RE o)} AA Eu)
HAES AR 49, §28 XS sdrRg AdE
el gle AdolA F2 oA AMEuz} F4 H
AR FAEH gAY 75 05 mg/L 24-DojlA, ‘o}F
7], WHAT g WFeIAME 1 mg/L 24-DE Al
A oM & JHES Beon, 53] GEFFl vl
‘FAFAN M A rebsoK(Figure 2, Figure 3F, G).

g, ik 5 A2 AMENY FHE B, g9
A9E Ze A X (Figure 3B), F709 A& 2e A
AA el A A Zuf(Figure 3D) 3 V3] A A Euj (Figure
3C)7F #aAFG L, o] o o] AYHA o= 7Y
718 AM Zu(Figure 3A) = FAHA}. 65F g o
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Figure 1. The frequency(%) of somatic embryo formation on
immature zygotic embryos cultured on medium containing various
concentrations of 24-D in Glycine max L. A: ‘Ulsan’, $=89.8
+28.4x-57.0x2, R2=0.888: B: ‘Ajuggari’, y=29.4+18.3x-11.7x,
R?=0.474: C: ‘Keumsan’, y=263+4.4x-153x%, R?=0.725: D:
‘Baem’, §=500+39x-2L9%%, R?=0665: E: ‘Banchungdo’, $=536
+15.8%-282%2 RE=0661.
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Figure 2. The frequency(%) of secondary somatic embryo formation
on transversely sliced primary somatic embryo halves cultured on
medium containing various concentrations of 24-D in Glycine max
L (@): Ulsan’: ( ):‘Ajuggar’; (m): ‘Keumsan’: (a): ‘Baem’;
(A): ‘Banchungdo’
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Figure 4. The germination frequency of somatic embryos with
different patterns of cotyledon. Somatic embryos were cultured on
MS basal medium (A), MS basal medium with 05% charcoal (B),
MS medium with 0.1 mg/L IAA, MS medium with 1 mg/L BA
(D), or MS medium with 1 mg/L GA3 (E).

T A e FE7elE 2 Aol7} Aol fabg
A% Bgl o 24D = wet £ 2ol Byloh
% 01-02 mg/L 24-D8} @& FEoA: Y23} shie)
A4S 2 ANTEGE T AGE 2= M 2w
o W=7} o3t "Water, 054 my/LAAE 24-D ¥E7}
SRS R AMEw 7 A Fohsle wi,
A9 AL 2 AMTe 229 s 787
o AAENE 4 mg/Lel ) 24-D FEJNYE ofF @



Figrue 3. Somatic embryogenesis and plant regeneration in tissue cultures of Glycine max L. cv Ulsan. A: Somatic embryo at the globular stage:
B: Somatic embryo with one cotyledon: C: Somatic embryo with a fused cotyledon: D: Somatic embryo with two cotyledon: E: Longitudinal
section of a torpedo-shaped somatic embryo: F: Secondary globular embryos forming on primary somatic embryo explant: G: Secondary somatic
embryo at the cotyledonary stage H: Germination of somatic embryo.
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Table 1. The frequency of cotyledonary variation of somatic embryos formed of immature zygotic embryos cultured on medium containing

various concentration of 24-D in Glycine max Lab

Keumsan Baemkong

Banchungdoo

Hom Others Two One Hom Others | Two One Hom Others

Cultivar Ulsan Ajuggari

2, 4-D

Conc.(mg/L) Two One Hom Others Two One Hom Others | Two
0l 267) 133y 0 0 0 0 0 0 2(50
02 3(42) 2(29) 229)0 1(100) 0 0 0
05 7(42) 6(21) 15(54)0 2(40) 1(20) 2(40) 0
1 12(21) 8(14) 37(65)0 3(20) 5(33) 7(47) 0 3(17
2 6(18) 6(18) 21(64)0 3(19) 5(31) 8(50) 0 5(12) 1
4 6(27) 7(30) 7(30)3(13) }1(8) 5(42) 433) 217) | 2(14)
10 0 0 0 9(100) {H(7) O 0 5(83) | 0
20 0 0 0 6(100) [2(7) A7) 0 25(86) |0
0 0 0 0 1(100) | 0 0 0 7(100)| 0

Ux) UB) 0 1B UB) UR) 0 A6 0 W) 0
ALY 220 0 5( 330 2200 0 556) 0 4(44) 0
0) 440) 0 ) 6(23) 15(58) 1(4) | 3(17) 4(24) 10(59) 0
24) 10(59) 0 (18) 10(27) 20(51) 2(5) (30) 13( ) 21(38) 5(9)
2 (61 0 10(30) 9(27) 13(30) 1(3) |10(24) 14(3) 15(36) 3(7)
¥ 643 1D | 2A2) A3 2A2) A2) (17) 52) 1) 8(44)
0 500 2018 0 0 98|0 212 0 158

0 2(100)| 0 0 0 7000)| 0 0 0 14(100)
0 0 0 0 0 1100 0 0 0 3(100)

a‘One’, ‘two', or ‘hom’ indicate somatic embryos with one, two, or hom-type cotyledons(s), respectively; and ‘others’ indicates stunted

somatic embryos mostly at the globular stage.

b Numbers without the parantheses indicate numbers of somatic embryos and those in parantheses the percentage of designated type somatic

embryos out of total numbers of somatic embryos obtained.

L =R HAF7] AFsgen, 10 mg/L o] 49 Fxel
E 2% 7979 AxEujdte] FAHHTable 1). 2
23 g7 AMEME ZA YR FAY A, F
gl Fo4e At FRGel o A wdEd 9l
E AAERGE $9F ¢ UK Figure 3E).

&9, AM Ee e Ffel whet d7bA] WA eA A EA
29 ANES A7 2ARE A3, 79719 AMEAE o
g AN E AEA 2 Agte] dojrpx] ggrer, st
9] A4S 2 el 3% 1 mg/l GAsE A7k iRl
Mg frol sl o2 WA E A ol ¥
Aol FAEA dsket T AYE ZE v A+ MS
71 BuAE AL ZE WA A F2e] ERo] o] Foi3
on, 53] 1 mg/L GAsE F7ka wiAelM 2% 7P ¥
s e AR S B XMIEHH ZAgole ZE iAol A
10% elste] @& AYEE et sieH(Figure 3H, Figure
4). o }zko] ANH FAEANS 7 RAR &7 F 257
3 =44 W 57 cam Zel9) £7]9) 34 am He FHE
7 A EA 2 TEesie

L .S

) Foll A AA Eu) B2 F2 u|se](Buchheim et al,
1989; Finer and Nagasawa, 1988 Lazzeri et al, 1988; Li et
al, 1985) 248 o|Fojx gow, diE ofH Az 271
(Ghazi et al, 1986) A = A58 v} glch FWelA] Ajuls
3 gl 571 EEY n|SulE wokete] AAMEHE IS
2 oo, F%4 wel 24-D =9 874 =2
vehdth &, ‘SAR, AR, W 2 M FCAY

Az FA4 0=E 12 mg/L 24-D =M £4 et
B3, AR EY A9 0 mg/L 24D d5. 28X
‘SAFY A4 Y v=] 24-DH7} wWAA B2
EZ vlste] dubd oz & A ZuE JAIL o
gAog 20 mg/L 24-D AHFME ‘olF7el gl ¥l
st WA G2 YHEE Bk oA A7 AME
qh o] ©-$4le] T =(20 mg/L)E o] §H ot ZA(Liu et
al, 1992; Tetu et al, 1987)°] ‘o}F7tel T oM A aj3h},
umz 712 B F, AT, FARE, WE 2 MK
FoAe G2A Jepgeh £3F 5o FF5 wet AA
) YA =7} B2A Jehde s Bl AEHY
FAA zol7} AT FAu Tl o] gt A
(Barwale et al, 1986: Komatsuda and Ohyama, 1983)¢}=
et ztelzt glgleh weld obgale] 7 9-(Kao and
Michayluk, 1981)9} opab7}A| 2 o) F2] AAHEu) Ao} 2
4-D2] 8740 FE F44 Aolg} A8 He|A ol
o wie} gekd 4 gldke AL AAERRE gl 2eat 01-
4 mg/L 24-D A7t WA AN E F2 2718 5T AA
)7t HAEgeH, o]F 01-02 mg/L7} 2 ¥ %
e FA APE = HAAHQY AN ZwzE 054
mg/Le M E lAA AgE z2he o] A4 Ewst F
2 A9, 10 mg/L o498 TxEdME Agdd
o] o] Fo)A | ke F7|9) A Eujute] FAFH ol
e ARE AyEe 24-DoM F2 2718 AAE
Wizt FAHE, o] 5L F2 u|AAA FZ UFEo=
73 (Lippmann and Lippmann, 1984)3} % Eo|ME 737
9] M X7} YA =t= 7 (Buchheim et al, 1989) =
g ghct. z2)a o Fo} AAEu) Y 2AelA] 2hgdwel
of g F= 8902 MY 2849 Fuzd
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(Lazzeri et al, 1988) 2 WA 22419 FAo]%5(Liu et
al, 1993) 5] 4=A ek £ AFJME AMEu 2
gulelg} 24-Dgx Alele] AR AAZ e AR B
o] 53, AYHA 27|HA A ‘ﬂ"‘f}'—‘fkq olel YL F
°1(Soh, 1993) AAAF A= AL B 4 g vAA A}

4 2= AAzar) YAHE Aos F5d0

g, v AMEE A SRR AAERE D
A7 e 53], e Atele AYAHA AA LW
of wl3ke} ANYEFo] AFs] Do]HHKems et al, 1986
Soh, 1993). ¥ AFdME T4 AHE Ze AYAL A
A Zajel Blate] shte] Aot e A4S MR
A E o T3l XH*HE of dubHes o 6%
FHE [AY AEL o WA T FEd 7] 7e]
A Fo= o o) WEEtA| ATt ol ehte] AEA
A g oA wIAAA AAEe7E A4 Aol vt
G2 e §739 3ol gl i(Isabelle et al, 1993), 73l
2HE AEA A o] doutA = AL TFEY 24D
R 2HE AMENZE F5E 24-D7F APMAE SAS
o se=A] G ojuiyt FHFEF THAFE 24-DY
EAE A% FAReEA AFTAZY HE A
71 (Buchheim et al, 1989; Lazzeri et al, 1985) 2.2 XHelth
A kA oA YR A E e v o] T2
52 JehdE AL AEA R HYEL A F
2% 290 9] Aol AAEAE 52 ABFE 3
B3p) QAN w44 AAEN WES Fol= AAX
d 9k 349 LU I A, B Qe
FHEE DT DAz AL Ed o149 4 Ak
29 A2 A2A9E A4S0z Heslelen o A
We 5T FEHT SlE Agrobacteriumel] o) 373 ol
® o149 4 3 A2 Aads

¥ 2

Y 5744 FFe dF nisuzie 2AHE AME
W PAgulzel A olo] i 24-D Fx9| GFE ol
Bk d7iA 5= 24-D7} 7k MS ) w_uﬂz]o“
7 %9 vl%uE 6552 daolA vkt A3 ‘g4
T, A, W P AR A 12 mg/L 24- D—
A7k WA A, ‘b7l 20 mg/L 24-DE AH7HE W)
AdM 74 & AN EW JANEE Rolc =g o
2 uhEgt AMZE 01-1 mg/L 24-D7} 37b wf=]elA]
MeFsta s o HI 70%2) xR oAb A
ul S (R g Rbal) el A e AT Y= 24D 5
wo| whe} ch2A Gebgtid &, 02 mg/L o|ste] FEo
Me shitel A9 2 s e Egs Fe 29

< 2 A4H Y7k 054 mg/L sEAME A
e Roie 2y AN Ee YAEsL A e
=g AME AgHelo] mel AEA AYEL 2k}
7] Ysld MS 71Euj=) ¢} 01 mg/L IAA, 1 mg/L BA, 1
mg/L GAs 9 05% BX=Z Zt7 MS 7|24 R]of A7}s}
o 16417t FF7|5kellA 45-5<F wiokst A} A A A4
T duHes w9 AdE 2= AAAL Wizt s
-°4 Z}"éa Zhe o, Ve Q78719 AA Eel] vzl
F3er, £3) 1 mg/L GA3E #71et wiAoA 7Hd 5
A E(25%) & Booh

Ab A

=2 FetrleA B (GT080)9) Q7R polc,

&Z}—a' AZehe] F HFE Habsh Qo] dhate] A
He 243 £HE AT 943, P48 o2 vkl
AV,

[ = 3
A EEE
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